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It has been demonstrated [1-4] that coherent bulk acoustic waves can 
be holographically induced by the interference pattern of two intersecting 
picosecond laser pulses. The coupling between the optical and elastic 
fields can either be due to electrostriction or optical absorption which 
produces thermal stresses. The resulting waveform can then be detected by 
a third time-delayed laser pulse which diffracts off the density grating 
of the wave field. The elastic response within the laser spot caused by 
either coupling mechanism has been shown to consist of 1-D counter-
propagating pressure waves. From the frequency and attenuation of the 
diffracted signal, the wavespeed and attenuation coefficient, 
respectively, of the medium can be obtained. 
A similar technique can be used to generate surface acoustic waves 
(SAW) by interfering the laser pulses at a solid interface. Figure 1 
shows a schematic diagram of the proposed technique. Two laser pulses, 
separated by angle 9 are used to generate the surface acoustic waves. The 
interference pattern spacing and thus the acoustic wavelength A are given 
by 
A = _...;.A,--:-_ 
2sin(~) 
where A is the wavelength of the laser light. Therefore the SAW 
wavelength is continuously tunable (up to approximately 30GHz) by adjusting 
the angle 9. The diffracted signal of a third laser pul se will again be 
used to measure acoustic wave amplitude, but in this case, the periodic 
surface displacements will form the phase grating to diffract the incident 
signal. 
Laser generat ion of surface waves and specifically generat ion by 
optical interference had been proposed as early as 1968 by Lee and White 
[5]. In [5], Lee and White demonstrated that surface waves can be induced 
by transient heating due to laser illumination'and that the coupling to 
surface waves of a specific wavelength is enhanced when a spacially periodic 
mask is placed between the laser and specimen. Since that work other 
configurations have been implemented. Aindow et al. [6] and researchers 
referenced therein investigated waves generated by an unfocused laser spot. 
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FIGURE 1. Diagram of the laser generation of coherent SAW. Interference 
of two excitation pulses separated by angle e sets up a 
spacially harmonic temperature profile which induces 
counterpropagating surface waves. A third laser pulse which 
diffracts off the surface displacement profile is used to detect 
the wave amplitude. 
The use of directivity patterns which increase surface wave amplitude 
while avoiding surface damage has been investigated by Cielo et al. [7] 
and Hutchins et al. [8]. Enhancement of SAW generation by using a 
spacially period mask can be found in the works of Ash et al. (9] and Lee 
and Jackson [10], though in the latter paper, the device was designed for 
optical detection rather than SAW generat ion for NDE. SAW generation by 
laser interference, but at a lower frequency (30MHz) than proposed here 
has been demonstrated by Cachier [11]. An approximate calculation was 
used to estimate surface displacement amplitude. 
In this paper, a theoretical formulation for SAW generat ion by 
optical interference will be discussed and a solution to the limiting case 
of heating confined to a region close to the surface will be given. The 
solution for a step function time dependence will be obtained by 
integrat ing time harmonic solutions over frequency. 
THERMOELASTIC FORMULATION 
The temperature field T(!,t) caused by the optical interference 
pattern can be represented by 
(1) 
where H(t) is the unit step function, To is the initial temperature, y 
is related to the optical absorption, and the maximum temperature change 
ăTmax is on the order of O. lOC. To justify this equation, various 
assumptions must hold. The step function time dependence implies an 
instantaneous temperature rise that does not dissipate with time. The laser 
pulse (80 psec) and thermal relaxat ion times are on the order of a tenth or 
less of the acoustic wave time constant at 10GHz and therefore the 
application of the tempera ture field can be considered instantaneous. Also, 
the diffusion time constant (O(~sec» is much greater than the observat ion 
time (O(nsec» and therefore diffusion is negligible on the experimental 
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time scale. To neglect intensity variations from fringe to fringe, the 
generat ion laser spot size must be large enough to contain many fringes 
and must be sufficiently larger than the detection laser spot size. 
The thermoelastic equations of motion in terms of the displacement 
components ui for a homogeneous, isotropic, linear elastic body are 
(),+ll )u j ., + \lU. j' 
,Jl 1, J 
and 
= a(3A+2\1)(T-T ),. 
o 1 
(2) 
(3) 
where A and \1 are the Lame constants, K is the thermal conductivity, 
Cv is the constant volume specific heat, a is the coefficient of linear 
thermal expansion, and ,i denotes partial differentiation with respect to 
xi' If temperature changes due to diffusion and elastic strains are 
negligible, equation (3) becomes 
T = O 
and the governing equations (Eqns. (2» are then uncoupled and can be solved 
for the displacement components subject to an applied temperature profile. 
In the analytical model, boundaries other than the top surface will be 
neglected so the applied temperature field given by equation (1) will be 
incident on a solid halfspace. Traction-free boundary conditions on the 
planar boundary x3 = O are given as 
T33 = (A+2\1) u3,3 + AU2,2 - a(3A+2\l)(T-To) = O 
T23 = ~ (u2,3 + u3,2) = O 
T13 = ~ (u1,3 + u3,1) = O 
where Tij are stress components of the stress tensor T. Radiation 
conditions are applied at x3+oo • The initial conditions are 
(4) 
• (5) 
u.(x,t) = u.(x,t) = O 
1 - 1 -
Ultimately the solution of this thermoelastic problem subject to the 
temperature profile given by equation (1) with an exponential x3 dependence 
is desired. In this paper we consider only the two limiting 
cases of y«1/A and y»1/A. For y»1/A, the heating is confined to a 
small layer of material near the boundary x3 = O with thickness much 
smaller than an acoustic wavelength. For this limit, the displacements 
within the bulk of the material would satisfy the homogeneous equations of 
motion 
(6) 
The boundary conditions can be approximated by equations (4) with the 
temperature profile given by equation (1) evaluated at x3 = O. A similar 
approximation was used by Lee and Jackson [10] for time-harmonic surface 
heating. This approximation becomes even more accurate if a transparent 
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constraining layer is added onto the halfspace [12]. The solution to this 
problem for y»1/A will be derived in the next two sections. 
If y«1/A, the applied temperature field can be considered 
indepennent of x3' This situation would apply if the material optical 
absorption coefficient was small. In this case, the resulting 
displacement field ~T can be written as 
(7) 
where ~ is the bulk wave solution derived in [4] (~B is the 1-D 
solution resulting from the temperature profile (Eqn. (1» applied to an 
infinite medium) and u is the difference solution. The difference 
solution satisfies the homogeneous equations of motion (Eqns. (6» subJect 
to boundary conditions at x3 = O for the stress components TiJ given by 
B O T23 = 
-'23 = 
where 
C = a~3X+2l!l X+2~ 
k = 21f 
o A 
B O , 
'13 = -'13 = (8) 
6T 
max 
-2-
and '~J denote the stresses of the bulk wave solution. (The term in '33 
independent of x2 must be dropped for a finite solution. Deleting this term 
will not affect the resulting surface displacement profile.) The problem 
statement for this difference field is of the same form as the time-harmonic 
solution derived in the next section. Therefore, once the complete time-
harmonic solution is known, the solution for y«1/A can be obtained. 
TIME HARMONIC SOLUTION 
Away from the boundaries of the laser spot, intensity variations in the 
x1 direction are negligible and the motion is plane strain. In this case 
a/ax1 = O and u1 = O so the displacement components can be written in terms 
of two potentials ~ and ~ as 
In terms of potentials, the equations of motion (Eqns.(6» for y»1/A 
become 
(10) 
where 
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The boundary conditions of x3=0 for a time-harmonic applied tempera ture 
field at frequency Wo are 
( 11) 
For the given applied temperature field, the potentials are of the form 
-iw t 
~(x2,x3,t) = V(x3)sin(kox2)e o 
( 12) 
By substitution into the equations of motion, expressions for ~ and V 
are obtained as 
iYI.x3 
-
iY l.x3 
2 
~(x3) = 2 
Wo 2 C1e + C3e YI. = "2 - ko 
cI. 
2 (13) irt X3 -iyt x3 2 w k2 V(x3) o = C2e + C4e Yt ="2 - o 
ct 
For branches Re [YI.' Yt ] ~ O , Im [YI.' Yt ] ~ O, the radiation condition 
at x3 + m requires C3 = C4 = O. Expressions for the constants Cl and C2 
are obtained by substitution into the boundary conditions. Equations (11) 
become 
(14) 
Solution by Cramer's rule yields 
( 15) 
where 
is the Rayleigh wave equation. 
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The final solution for the displacement components, obtained by 
substitut ing equations (12), (13), and (15) into equation (9) is then 
!n Figure 2, the magnitudes of the normalized displacement components 
(16) 
~i = koui along the boundary x3 = O are plotted as a function of 
wo=wo/kocR. The constant cR is the Rayleigh wavespeed of the material. 
Maximum coupling occurs at Wo = kocR. Note that material damping needs to 
be added to predict the response for this value of wo. 
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FIGURE 2. Normalized displacement co~ponents along x3 = O versus the 
nondimensional frequency Wo for a time-harmonic excitation. 
STEP FUNCTION TIME DEPENDENCE 
To obtain the solution ui for the applied tempera ture field with a 
step function time dependence, the time-harmonic solution must be integrated 
as follows: 
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The integrands have poles at Wo = -iS, ±kocR and branch points at 
wo=±k ct,±koct. Therefore to carry out the integrat ion numerically, the 
cont08r of integrat ion must be deformed as shown in Figure 3. 
Im (w) 
-koCt -koCt -koCR 
, 
/ 
Re(w} 
FIGURE 3. Contour of integrat ion for integrals in equations (17). 
SUMMARY 
In this paper, a method of inducing high frequency SAW waves was 
discussed and a solution was derived for the case of heating confined to a 
surface layer small in comparison to an acoustic wavelength. The main 
advantage of this technique is the ability to generate coherent SAW waves at 
ultrahigh .frequencies and to continuously adjust the acoustic wavelength by 
changing the angle between the two excitation pulses. Also, because tne 
waves are optically generated, there is no mechanical contact and the 
required specimen size is small. 
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